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SUMMARY

We propose an alternative to a long questionnaire that may increase quality while reducing the cost and
effort of participants and researchers. In the ‘partial questionnaire design’, information about the exposure of
interest is obtained from all subjects, while zero, one, or more disjoint subsets of questions about possible
confounders are asked to randomly sclected subgroups. The proposed analyses exploit the fact that the
uncoilected data can be considered to be missing at random. We show that it is possible to obtain high
efficiency for estimating the effect of exposure of interest, adjusted for confounding, while substantially
shortening average questionnaire length.

1. INTRODUCTION

A lengthy questionnaire for an epidemiologic study can result in lower rates of participation by
potential study subjects, lower quality in those who do participate but become less conscientious
with time, added cost for the study, and added burden to participants. In this paper we propose
a method we call the ‘partial questionnaire design’ (PQD) that can reduce the average time
needed for completion of a questionnaire with only a minor loss in statistical efficiency compared
to the standard method using the same number of participants,

Many epidemiclogic studies obtain information in considerable detail about several risk
factors that are not themselves the focus of the investigation, but rather are possible confounders
or effect-modifiers of the relationship between the exposure of interest and the study disease. In
the PQD, each secondary variable is determined for only a fraction of study subjects and subsets
of individuals are asked about distinct but overlapping subsets of the study variables. We
concentrate on the simplest form of the PQD below. All the secondary variables are split into two
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vector-valued variables, denoted as Z, and Z,. Each individual is randomly assigned into one of
four categories. All subjects are asked about the exposure of interest X; subjects in category
C,, are asked about Z, and Z,, in category C,, or Co, about Z; or Z,, respectively, and in
category Cyo about neither.

We develop methods for analysing a case-control study that uses the partial questionnaire
design. Since the investigator randomly determines who wiil be missing which variables, the data
can be missing completely at random (MCAR), or, if the known value of disease status,
a demographic factor, or the exposure of interest is allowed to affect the type of questionnaire
given to the subject, missing at randor (MAR), in the sense of Little and Rubin.! We develop
MAR methods to allow us to use different missingness probabilities in cases and controls.!

The special case of the PQD, in which X and Z, are obtained from everyone and Z; is obtained
on a random subset of participants, can be analysed by methods developed for the two-stage
design.2"!! The variables X and 7, are collected in the first stage and a subset of participants are
studied further in the second stage to obtain Z,. It is straightforward’ to extend this example to
the more general case of monotone missingness, where the I covariates can be ordered in a way
that whenever the ith covariate is missing, so too are covariates i + 1,7+ 2,.. ., 1. However,
methods of analysis different from those previously proposed for two-stage designs are needed for
the general PQD problem because some subjects will be missing both Z, and Z,, some will be
missing only one covariate, and some both, resulting in non-monotone missingness." We estimate
the parameters in a prospective risk model by applying an estimating equation method. Our
approach can handle non-monotone missingness and needs only a small proportion of subjects
with complete data in order to get high efficiency.

We first outline methods of analysis (Section 2) and then study the relative efficiencies of
various PQD allocations for a realistic example based on a case-control study of risk factors for
oral cancer'? (Section 3). Simulations confirm that the estimation procedure we propose yields
well-behaved point estimates and confidence intervals (Section 3). The limitations of our results
and possible extensions are discussed in Section 4.

2. METHODS
2.1. Estimation of parameters

We call the exposure of interest X and the secondary variables in the two subsets that can be
missing Z, and Z,, respectively. We define the four categories of missingness and the measured
covariates and their likelihood contributions in Table I. These categories apply to both cases
{(d = 1) and controls {d = 0).

Suppose disease incidence in the base or source population satisfies the prospective logistic risk
model

exp(£’f*)

PriD=1X,Z2,,Z,, ) = ————F=
r( I » &1 2 ﬂ) 1+exp(Z'ﬁ*)

= H(f*, X,Z,,7>) (1)

where Z' = (1, X, Z,, Z,) and B* = (8%, B, B2, B3). Applying Bayes’ theorem to the population of
cases and controls in the case-control sample (see Mantel'? and Prentice and Pyke'#), one finds
that there is a new intercept f§, such that

HB:x, 21,220 {1 — H(B:x,24,2,)} ' 4 q(x,21,25)
Pr(D = d)

f(x,Zl,Zzld)"--" (2)
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Table 1. Sampling categories for cases and controls

Measured
Category Indicator Covariates Likelihood contribution
Cll A(Cll) X923v22 f(xvzl,ZZld)
Coy A(Cor} Xz, f“(—’ﬁzz’ |d)
Cio A(Cy0) X.Z, S(3x,z41d)
Coo A(Cy0) X Sfix|d)

in the case-control population. In equation (2), ' = (B0, B1,82.83) 9(X,Z,,Z,) is the mass
function of X, Z, and Z, in the case-control sample; and Pr(D = 1)is the proportion of cases in the
case-control sample. Thus, assuming Z, is missing at random,

ZnH(ﬁ;X,Zi.«Zz)d {1 - H(ﬂ;xvzl»zl)}I'dq(xszlazﬁ
S(x,2,|D) = Pr(D) : (3)
Other conditional probabilities needed to construct the likelihood are obtained similarly. A case
in category Co with X = x and Z, =z, contributes f(x,z,|D = 1). Other subjects contribute
similar factors, depending on their case-control status and missingness category. Letting
A{Cjy) = 1if the ith individual is in category C;, and zero otherwise, the factor contributed to the
likelihood & by an individual with case-control status D = d; is

{H(B;X:ZIQZZ)di[] - H(B’ X,ZDZZ)]l—di q(Xa ZI:ZZ)}Ai(C“)

Ai(Cor)
x {ZH(ﬂQX,Z1yzz)d‘[1 - H(ﬂQXaZuZz)]l_di‘I(X.»Zlazz)}

YA (Cro}
X {ZH(,B;Xazl,Zz)di[l - H(B§X,Zl.~~"52)]17d"‘1(X,ZLy22)}

z2

4i(Coo)
X{ 2 HB: X, 20, 20)" 1 — H(B;X,ZuZz)]'""'q(X,zl,h)} : (4)
Zy, 22

We estimate f and g by finding the unconstrained maximum of .%. As noted by Prentice and
Pyke,'"* a maximum likelihood procedure would maximize this likelihood subject to the
constraint that Pr(D = 1) equals the proportion of cases in the case-control sample. Even though
our procedure does not necessarily satisfy this constraint in small samples, the unconstrained
score equations, obtained by differentiation of log .# with respect to § and g, have expectation
zero and thus lead to parameter estimates B and 4 that are consistent and asymptotically normal.
These results, which are described elsewhere by Carroll et al,'® apply to discrete-valued
exposures and covariates or to continuous covariates if one is willing to postulate a parametric
model for g. This theory has not yet been developed for continuous covariates and
non-parametric estimates of 4.

Interactions between X and Z, can be analysed using the likelihood (4) by defining

H(')= exp(ﬁO"‘ﬁlX"'/jzzl+ﬁ322+ﬁ4le)
C Ltexp(Bo + BiX + BoZy + BrZ; + B XZ,)

(5)

For discrete exposures and covariates, convenient starting values for maximizing .#°are obtained
by the Expectation Maximization (EM) algorithm.'® The E-step calculates expected numbers of
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cases and controls for cells defined by levels of X, Z, and Z,, conditional on all the data and on
the estimates of § and g from the previous M-step. The M-step fits the regression model with
standard software for complete data, as if the frequencies generated in the E-step were complete
data from the study.

Once good starting values are obtained, Newton—Raphson iteration based on analytic first and
second derivatives can be used to acceleraie convergence. A quasi-Newton procedure based on
numerical differentiation to obtain first and second derivatives!” as implemented in GAUSS 2.1
(Aptech Systems; Kent, Washington, 1991) yielded virtually the same results.

2.2. Estimation of the covariance and relative efficiency

An analysis of the score equations based on log .# reveals that, while the overall expectation is
zero, each case and control does not contribute a mean zero component to the score.
Consequently, the variances of the parameter estimates f§ are, in theory, smaller than obtained
from the inverse of the matrix of second derivatives of log .#.!® Nevertheless, numerical studies
indicate that the correction term is often negligible. Hence, in most applications suitably accurate
covariance estimates can be obtained from the inverse of the hessian of log &3

The relative efficiency for estimates of a given parameter under various designs is obtained as
the ratio of theoretical variances. For these calculations, the more precise variance formulae of
Carroll er al.'® were used.

3. EFFICIENCY OF VARIOUS DESIGNS HYPOTHETICALLY APPLIED TO
A CASE-CONTROL STUDY OF ORAL CAMNCER

3.1. Description of the data

We investigated the properties of the partial questionnaire design based on data from
a case-control study of the effect of smoking on oral and pharyngeal cancer.’* We thank
Dr. William J. Blot for his permission to use this data set as an example. Key scientific goals of the
study included estimating the effect of smoking and evaluating possible modification of the
smoking effect by drinking of alcohol. Alechol consumption and number of missing teeth were
regarded as possible confounders.

We used subsets of the study subjects to simulate the PQD in a study with a sample size more
typical of studies of cancer etiology. First, we sampled 600 controls and 200 cases randomly with
replacement from the 1108 cases and 1264 controls with known values of the variables of interest
in the original study. The distributions of cases and controls and the log-odds estimates and their
standard errors from the full questionnaire design (FQD) applied to these 800 subjects are
presented in Tables 11 and III. Using the notation in equation (5), we note that the confounding
effect of Z, (§, = 1-:34) is much stronger than that of Z, (8; = — 0-081): the corresponding odds
ratio relating Z,; and disease (3-82) represents a much stronger relationship than that of Z, and
disease (odds ratio of 0-92). Both Z, and 7., have strong associations with X (odds ratio of 2:34 for
Z, and 2-50 for Z,). We fit two models, one with only the three main effects parameters (8, 82, 83)
of dichotomous X (20 or more years duration of cigarette smoking), Z, (15 or more drinks per
week), and Z; (7 or more lost teeth), and the other also including a parameter (8,) for the X by
Z interaction. We compared the relative efficiencies for f,, #,, f; and B, in various types of PQD
against the FQD in which all 800 subjects provided the full data. The properties of the parameter
and variance estimators and the estimated relative efficiencies appear to be adequate based on
a simulation study described in the next section.
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Table I1. Joint distribution of X, Z,, and Z, in controls for test data set using random
subset of original data of Blot et al.!?

Controls Cases

X=1 X =0 X =1 X=0
Zlﬂl ZXZO lel Zl=0 Zl=1 215—'10 Z]'zl Zl=0

Z;=1 54 85 37 138 66 30 9 15
Z,=0 21 48 39 178 36 17 15 12

Table ITI. Parameter and variance estimates of log-odds ratios based on full question-
naire design (FQD) using random subset of data of Blot et al.*?

Parameter Parameter and variance estimate
No-interaction model X x Z, interaction model
8, 1-46 1-44
0038 0070
B, 1-34 1-31
0034 0095
i — (081 — 0081
0036 0036
Ba — 0-043
015

3.2. Effect of changing design parameters

The parameter and variance estimates from a single random realization of the PQD and the
expected efficiency for various design matrices for the PQD are shown in Table IV. Panel 1 of
Table IV is the FQD analysed as described in connection with equation (5) for a PQD. As
expected, the parameter and variance estimates based on maximizing equation (5) are the same as
for standard logistic regression. We believe that the relative efficiencies below 100 per cent reflect
the small price of estimating g.

In panel 2, cases and controls are assigned equally to each of the four categories in Table I,
resulting in a 50 per cent reduction in the numbers of subjects with measured Z, values and a 50
per cent reduction in those with measured Z, values. In the main effects model, the loss of
efficiency in estimating the effect of X is only 11 per cent; for Z, and Z, the loss is slightly over 50
per cent. In the interaction model, there is a loss of half of the efficiency in estimating the
interaction.

The design in panel 3, with only 20 cases and controls in each categories C,,, Co; and C,o and
all other subjects in category Cyq could produce a great reduction in average questionnaire length
since no information on covariates is obtained from 85 per cent of subjects and only one of Z, or
Z, is obtained from 10 per cent. The loss of efficiency in the main effects model for estimating the
effect of X is less than 50 per cent. However, the losses for estimating other effects are quite
substantial; thus the designs in panel 3 would be appropriate only if there were no interest in the
effects of secondary covariates or in interactions.
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Table IV. Parameter estimate, variance estimate, and 100 times the relative efficiency for several PQDs in a subset of the
oral-pharyngeal cancer data'?

Panel Disease  Number in design category Main effects model X x Z, interaction model
Cll COI ("10 COO /"l ﬂZ ﬁB ﬂl ﬂl ﬁ] ﬂ4
1 d=0 600 0 0 0 B 146 134 —008 144 131 —008 004
d=1 200 0 0 0 s.e.® 020 018 019 027 031 019 038
Total 800 0 0 0 R.Eft 100 100 98 100 100 98 100
2 d=0 150 150 150 150 I 152 146 —-029 165 163 -~ 026 — 027
d=1 50 50 50 50 s.e* 021 026 028 035 044 028 055
Total 200 200 200 200 REf® 89 50 45 66 50 45 50
3 d=0 20 20 200 540 g 112 195 003 079 134 025 103
d=1 20 20 20 140 se* 031 (56 058 050 089 050 121
Total 40 40 40 680 R.E.f 52 12 12 28 15 12 13
4 d=0 120 120 120 120 I 164 169 —052 209 227 042 —088
d=1 40 40 40 80 s.e* 024 030 034 043 052 034 064
Total 160 160 160 320 R.Eft 84 40 36 36 40 36 40
5 d=0 300 0 0 300 i £36 126 032 148 144 032 — 025
d=1 100 0 0 100 s.e* 020 026 027 032 044 027 054
Total 400 0 0 400 RE.+ 39 50 49 66 50 49 60
6 d=0 150 180 120 150 B 149 146 002 103 087 007 090
d=1 30 60 40 50 se.* 021 027 027 035 046 027 058
Total 200 240 160 200 RE.% 88 45 4 62 45 49 45
7 d=0 150 120 180 150 B 146 1:56 —018 129 134 —020 035
d=1 50 40 60 50 s.e* 021 025 030 032 042 030 052
Total 200 160 240 200 RE.f 89 55 41 70 35 41 55
8 d=0 114 162 162 162 B 142 121 010 116 082 012 060
d=1 50 50 50 50 s.e.® 021 026 0-28 032 045 029 056
Total 164 212 212 212 RE+ 88 48 43 65 45 43 49
9 d=90 123 159 159 159 B 52 130 —-010 143 117 —-009 020
d=1 41 53 53 53 s.e.* 021 027 025 034 045 029 056
Total 164 212 212 212 RET 87 47 42 63 47 42 47
10 d=20 150 150 150 150 B 146 174 —017 1177 214 —012 — 063
d=1 14 62 62 62 s.e® 023 029 034 040 051 034 062
Total 164 212 212 212 REft 85 41 36 55 40 36 41

* Standard error
1 Relative efficiency

The effect of assigning 40 per cent of subjects to category Coo and 20 per cent to the other three
categories is shown in panel 4. The relative efficiency of 84 per cent for the main effect of X is, as
expected, greater than for the design in panel 3. Figure 1 displays how the relative efficiency for
estimating f; varies with the proportions assigned to Cq when the other subjects are assigned
equally to the other three categories.

The design in panel 5 divides subjects equally between C,,; and Coo and has the same number
of subjects asked about Z; and Z, as does panel 2. The relative efficiency for the main effect of
X is slightly higher in panel 5 (89 per cent versus 88-6 per cent). Designs intermediate between
those in panels 2 and 5 have relative efficiencies that increase monotonically from 886 to 89-1 per
cent. These result support the conjecture of Zelen'® that the most efficient design for fixed
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Figure 1. Impact of moving equal numbers of subjects from Cyq, Co; and C;, to Coo on the relative efficiency for

estimating the main effect of X under risk model I, for a subset of the data from Blot et al.'* The abscissas represent

differences between the numbers of subjects in Cpo and the number of subjects in Cy in the ‘benchmark’ design where 23

per cent of cases and controls are in each category (panel 2 of Table IV). The ordinates are the relative efficiencies

compared to the FQD. The locus of squares describes the effect of moving only controls from C o, Co, and Cy; to Cog; the

Tocus of triangles describes the effect of moving only cases; and the locus of circles describes the effect of moving one case
for each three controls

numbers of subjects asked about Z, and Z, assigns subjects only to categories Cy; or Co.
However, in this example all these designs have similar efficiency.

In this data set, the efficiency is not affected substantially by switching subjects from category
Co, to category Cyo, even though the confounding effect of Z, is much greater, as described in
connection with Tables II and III. In panels 6 and 7, one can see the effect of changing the
numbers of subjects missing Z; or Z,. The relative efficiency for f; in the main effect model is
higher in panel 2, with equal numbers missing Z, and Z,, than in panels 6 and 7. These differences
are small, however, suggesting that the balanced design is reasonable, even when one covariate is
a stronger confounder than the other, Figure 2 displays this phenomenon over a broader range of
designs.

In these studies we had three times as many controls as cases. Relative efficiency for the main
effect and the interaction is more sensitive to changing the category distribution of cases than of
controls, and intermediate for the mixture of both; this is as expected since the estimates of §; and
B, will be more precise when Z, and Z, are observed by proportionately more cases and there are
more controls than cases in the study.'® In panels 8, 9 and 10 of Table IV, the total number of
subjects is the same. The relative efficiencies for estimation of all seven parameters decreased
monotonicaily as the number of cases with complete information decreased. Table IV as well as
ail the figures suggest that obtaining more complete information from a higher proportion of
cases than controls gives more efficiency for fixed total numbers of subjects in each category.

These results suggest that the PQD provides an opportunity for substantial savings if Z, or
Z, is expensive to obtain. Use of fractions of 0-25 for each of the four categories results in high
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Figure 2. Impact of moving subjects from C,, to Cy, on the relative efficiency for estimating the main effect of X under

risk model 1, for a subset of the data from Blot et al.'? The abscissas represent differences between the numbers of subjects

in Cyp; and the number of subjects in Cy; in the ‘benchmark’ design where 25 per cent of cases and controls are in each

category (panel 2 of Table IV). The ordinates are the relative efficiencies compared to the FQD. The locus of squares

describes the effect of moving only controls from C, to Cy, the locus of triangles describes the effect of moving only cases,
and the locus of circles describes the effect of moving one case for each three controls

efficiency and a 50 per cent reduction in the marginal effort to obtain Z, and Z,, but even lower
proportions in the categories Cy;, Co; and ;4 do not result in major deterioration of efficiency.
The efficiency loss for assessing interactions between X and Z, or Z, is, as expected, similar to
the efficiency loss for estimating the main effect of Z, or Z,. The reduction in precision of
estimates of these interactions, in contrast to the loss in efficiency in estimating B,, can be
substantial (Table IV and Figure 3) and is usually close to the percentage of subjects for whom the
covariate was not measured. Therefore, we do not recommend obtaining only partial information
on variables whose interactions with exposure are of interest, particularly since the precision of
estimates of interactions often is low even for the FQD in typical case-control studies.?®

4. SIMULATION STUDY

We simulated hypothetical studies to examine whether point and interval estimates based on the
estimation procedures in Section 2 had nominal operating characteristics for typical sample sizes.
We examined whether the theoretical variance discussed in Section 2 differed noticeably from an
estimate based simply on the hessian of log .. Simulations were also used to determine whether
efficiency calculations based on the expected information provide useful guidance for deciding
whether or not to use the PQD and, if so, exactly what design parameters to employ.

In a simulation study of 1000 replications of the PQD with 500 controls and 200 cases, we let
By = B, = 1 and #5 = 1-5. For controls, the joint distribution of the binomial variables X, Z, and
Z, was the multinomial distribution obtained from a log-linear model with all parameters (other
than the mean) equal to zero, except for the parameters of the XZ,; and XZ, interactions that
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Figure 3. Impact of moving equal numbers of subjects from C,o, Co, and C,, to Cyqo on the relative efficiency for

estimating the interaction between X and Z, under risk model 5, for a subset of the data from Blot et al.*? The abscissas

represent differences between the numbers of subjects in Coo and the number of subjects in Cgq in the ‘henchmark’ design

where 25 per cent of cases and controls are in each catcgory (panel 2 of Table I'V). The ordinates are the relative efficiencies

compared to the FQD. The locus of squares describes the effect of moving only controls from C 5, Co; and Cy; to Coo; the

locus of triangles describes the effect of moving only cases; and the locus of circles describes the effect of moving one case
for each three controls

were set equal to log (2). The joint distribution of X, Z, and Z in cases can be calculated from the
control distribution and f,, f, B5. In the studies, 20, 25, 25, and 30 per cent of controls and cases
were in categoties Cyy, Coy, C1o and Coo, respectively. Applying the correction of Carroll et al.
reduced the variance estimates by about ome part in 5000. For the PQD, the 95 per cent
confidence interval based on the uncorrected variance covered the true values of §; 961 times,
which is within the 95 per cent limits of 936-964 for the number of successes from 1000
independent Bernoulli experiments with proportion of success of 0-95. The ratio of the empirical
variance to the variance calculated from the expected information was 1-063, which falls within

the true variance for a normal variate with a probability of 0-95. Other simulation studies,
including some using interaction models, other numbers of subjects, other values of B and other
joint distributions of the exposure and covariates, suggest that the PQD estimators we present
have good operating characteristics (data not shown).

5. DISCUSSION

Our work has two important limitations. We only considered the simple situation of
dichotomous X, Z, and Z,. It is not clear that the small sample and efficiency properties of the
PQD are as good as those we found when the dimension of X x Z, X £, increases or when more
covariates are involved. It is also unclear how to extend the methods of analysis to continuous
covariates without invoking parametric models. Second, the results in Table IV are based on
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a single data example. It would be useful to study other examples, including some with more
extreme confounding effects of Z; and Z,.

Our results do suggest that the PQD can be implemented with small loss of efficiency for
estimation the main effect of the exposure X. Investigators have flexibility in choosing the
parameters of the design in ways that can reduce the cost to investigators and the burden to
participants, as long as the proportion of subjects for whom complete information is obtained is
not too low. Efficiency loss is substantial, however, for estimation of the main effect of Z, or Z, or
of interactions like XZi.

These efficiency results are not surprising,. One can consider an estimate of f, in the
no-interaction model as the sum of a crude effect based on the relation of X alone with discase
and the logarithm of the confounding risk ratios!® of Z, and Z,. It has been shown
theoretically!®?*?2 and demonstrated empirically?® 2* that, except in extreme situations, the
adjusted odds ratio for exposure is not very sensitive to the strength of the confounder-disease or
confounder-exposure association. Therefore, the precision of the adjusted estimate should not be
greatly affected even when there is substantial variability in the estimates of the parameters
contributing to the confounding risk ratio. Thus, for example, in comparing panels 2, 6 and 7 of
Table IV, or in examining Figure 2, the impact of switching subjects from missing Z; to Missing
7, appears to be small. For estimating the interaction, on the other hand, the loss of efficiency is,
as expected, approximately proportional to the numbers of subjects who do not have all the
variables involved in the interaction.

It is possible, of course, not to collect any information on Z, (or, equivalently, on Z,), reducing
questionnaire length even further. Then B, would be the estimate of the effect of X-adjusted for
Z, alone from the FQD. However, this design does not yield a consistent estimator of §; unless
B, = 0. When it is clear that the confounding risk ratios for Z, and Z, are close to unity, the
savings from not collecting one or More secondary covariate may overshadow any possible bias.
The PQD might be considered when the possibility of important bias is considered to be less
remote or when adjustment for Z, or Z, is required for the credibility of the study.

Simulations indicate that asymptotic theory leads to valid point and interval estimates and to
good estimates of the relative efficiency of various possible designs in samples of moderate size.

Field studies are needed to determine whether a higher participation rate can be achieved by
asking potential subjects to submit to the shorter PQD guestionnaire. An increase in
participation could overcome some of the reduction in statistical efficiency of a PQD. Use of
computer-assisted interviewing?® couid handle the logistics of matching the subject to the
appropriate guestionnaire, with minimal burden on the interviewer.

A crucial requirement for our methods of analysis is that the missing data be missing at
random. This assumption may be violated if the chance of participation depends on the length of
the interview that the subject is asked to complete. One approach to avoid this problem is to tell
alt subjects about the design in advance and consider only those who agree to accept any assigned
questionnaire as eligible for the studies. The missing at random assumption could also be violated
if there is a reduction in the quality of responses as the interview proceeds. Violations of this
assumption could have implications for the FQD as well as the PQD.

One special PQD deserves attention. Our studies suggest that the design in which some of the
subjects answer all guestions and the others only provide data on X can have high statistical
efficiency for estimating the main effect. This design can be regarded as a two-siage design in
which the first stage consists of measuring X on all cases and controls and the second stage in
measuring other covariates on a subset of subjects. A further advantage of this design is that the
analytical methods of Breslow and Cain® can be used. These methods are applicable to continu-
ous covariates; however, the exposure of interest must be discrete in this application. Although
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the two-stage design has several attractive features, it does not reduce the numbers of subjects
who must answer the full questionnaire by as much as some other PQD designs that are almost as
efficient.

In the PQD subjects are either asked or not asked about a covariate. An alternative approach
would be to cither ask about the covariates in full detail or in a brief question. For example, one
could randomly assign subjects to be asked either for a detailed smoking history or for a yes—no
answer to a simple question, such as, ‘Have you ever been a regular smoker? This alternative
could recapture some of the efficiency lost in the PQD with very little extra effort.

The techniques in this paper have other applications. In a study with several exposures of
interest, one exposure, X, may require a larger sample size to achieve estimates with the desired
precision than other exposures, say Z, and Z,. Since adjustment for all other exposures may be
desirable, the PQD could be used by measuring X on everyone, and Z, and Z, on overlapping
subsamples. For example, the PQI) is being considered for a prospective study of the effects of
pesticide exposure, of diet and cooking practices, and of physical activity of cancer risk. In this
study, the desired sample size for the pesticide component (X) may be greater than the sample size
required for study of diet and cooking practices (Z;) and physical activity {Z,).

We believe that the PQD offers potential practical advantages, such as increased participation,
that can outweigh the small loss of statistical efficiency. However, additional work is required to
handle continuous exposures and covariates and to study efficiency over a broader range of
parameter values. Field studies are needed both to determine whether the PQD yields studies
with higher participation and data quality and to determine whether or not the assumption of
‘missing at random’ is tenable in practice.
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